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ABSTRACT

We propose to measure polarization observables of 3P—{;(€,e’p) In the quasielastic
tegion to extract information on the small components of the helium wave function.
We exploit the high resolution capability of the HRS spectrometers to separate two-
“body (d), quasi-two-body (d*), and three-hody (pn) final states. The high density
target is based on existing techniques for polarizing helium by alkali spin exchange.
Parallel kinematics are chosen with constant kinetic energy of 350 MeV in the final
state (CM) system to minimize final state interaction effects and make them uniform
for all kinematics. Two beam-target asvmmertries in the scattering plane. 4. and 4’
and the normal asymmetry .-lg are all measured for the three final missing energy ranges.
Statistical uncertainties in the physical asymnietries better than 0.01 over the range of
missing momentum from () < Pm < 400 MeV/c in 100 MeV/c bins are ohtained iy 24
davs.
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[n addition to the unique paysics provided by separating states in final Missing
energy, Hall A offers greater experimental systematic and statistical precision as wel|.
The high luminesity in Hal] A (relative to Hall B) provides the majority of events at
optimal angles relative to the fixed target direction. Furthermore. since the (e.e’p)
reaction is kinematically focussed, greater statistical precision is chtained in higher
lumincsity, fixed aperture spectrometers. Studies of the kinematics using Mante Curlo
simulations are presented in Chapter 4 with che final estimates of the uncertainty.

2. Structure of *He and related asvminetries

[n their paper on spin dependent electron scattering from polarized 3He, Blankleider
and Woloshyn® discuss the momentum distributions of both neutrons and protons
relative to the spin of the nucleus. They use the solutions to the Fadeev equations
obtained by Afnan and Birrell. They present a partial wave decomposition of the
structure in the Derrick-Blatt scheme. In particular, L-§ coupling is used, and the spin-
isospin states are combined to make states of definite symmetry under the interchange
of two particles. The probabilities of the partial wave channels appear in Table 1.

Channel _ Probability

number L s la L, P X (%5)
1 0 0.5 0 0 A ! 37.44
2 0 0.5 0 ] M 2 0.74
3 ] 0.5 1 ! M I 0.74
4 0 0.5 2 2 A | 1.20
5 0 0.5 2 2 M 2 0.06
6 l 0.5 1 | M 1 0.01
7 1 0.5 2 2 A 1 0.01
8 l 0.5 2 2 M 2 0.01
9 1 1.5 1 ! v 1 0.0t
10 I 1.5 2 2 M 2 0.01
11 2 1.5 0 2 M 2 1.08
12 2 1.5 1 t M 1 2.63
13 2 1.5 1 3 M 1 1.05
14 2 1.5 2 0 M 2 3.06
15 2 1.5 2 2 M 2 0.!8
16 2 1.5 3 | M ! 0.37
"'_——=.__._'_~—— ———

Table 1. The partial wave channeis of the YHe wave funcrion.
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Fig. 1. The proton spin-dependent momentum distribution for a fixed azimuthal angle

& = 45°. Curves correspond 10 a proton with iis spin parallel and antiparallel to the spin of
®He. In a) only the S- and $'-state are included, in b) the S- and D-state are included. ang ih
¢) the S-. §'-. and D-states are included.

They expiore the sensitivity of the small components of the >He wave function
by examining the momentum distribution with individuaj partial waves selected. The
dominant components, channels 1 and { are totally antisymmetric in spin-isospin (and
symmetric in space) and therefore contribute nothing to spin dependent scattering.
They observed that only two components. channel 2. the S'-state, and channel 11, the
D-state. have significant spin dependence in their momentum distributions. (Fig. 1}

Laget has calculated the quasielastic scatrering >He(&.¢'p) reaction at various kine-
matics and rarget angles. He ohjective was to explore the non-vanshing asvmimetries
AL, 4% and .«i';,. and determine their Sensitivity to ingredients in the wave-tuncrion and
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Fig. 2. The three target asymmetries which do not vanish 1o coilinear kinematics are piotted

against the momentum pg of the deuteron recoiling in the reaction 3He(¢.e'p}d. The incoming
electron energy is 4 GeV. The dotted lines and dashed lines correspond to PWIA when only the
S-wave or both the S- and D-wave are respectively taken into account. The full lines include FSI
and YIEC. The data points indicate the kinematies and projected uncertainties of the present
proposal.

reaction dvnamics. Of particular interest is whether wave function information can he
extracted unambiguously from the polarization observables.

Calculations were performed in parailel Kinematics and high momentum transfer to
minimize the effects of final state interactions Reactions leading to the two hody final

¥)
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Fig. 3. The three target asymmetries which do not vanish in collinear kinematics are plotted

against the average value of the momentum of the pn pair recoiling in the reaction 3Hey €.e'p)pn.
(Fig. 2) The incoming electron energy is 0.8 GeV. The dotted lines. the dash-dotted lines. and
the dashed lines correspond to PWIA when only the S-wava. the S-wave and S'-wave, and the S-.
§'-. and D-wave are respectively taken into account. The full lines aiso include FSI and MEC.
The uncertainties indicated on the projected data represent the larger of the J* or integrated
ontinuum three-hody hreakup regions.

state (Fig. 2) and to the three-body continuum (Fig. 3) were studied. (Calculations to
the quasi-two-bodyv d* final state are vet available.) The sensitivity of these calculations
on the small components in the structurs was explored by including different choices of
pactial waves. Plane wave results and results wncluding FSI and MEC were provided for
cOMpArison.
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3. Experimental Details

3.1 TARGET

The target technology we have selected for this measurement has been dsveloped
over the past 3-10 vears by the Princeton group.‘” and used in several measurements at
several laboratories. The high density and high polarization offered by this techrology
provides an excellent figure of merit for studies where maximum density 13 important.
[t has already been used very successfullv for a deep inelastic scattering measurement
at SLAC that had rarget requirements similar 1o ours. Furthermore, refinements of this
technology continue to offer improvements in performance. It is appropriace to mention
that an alternative technology is being pursued at Mainz in which helium nuclei are
polarized by metastability exchange and compressed. This technology has also provided
excellent performance and offers further improvements as well. We discuss below our
plans in terms of the SLAC spin exchange target parameters, and outline briefly our
program for improvements.

We will use a 3He target pressurized to 10 atmospheres of helium, or 2.7 < 10°%/cm?
over a length of 15 cm. for a total thickness of 4x10%'/cm® or 20 mg/cm? A beam
current of 25 uA (1.5x101%) will provide a luminosity of 6 x 1032 electron-2 He /cmsec.
The extended target acceptance of the HRS of 10 cm allows all of the targer to be
viewed at the relevant scattering angles between 129 and 15°. A longer target is being
considered. A new concave inward desiga for the window ®) has been developed at UNH
and tested at 5 atmospheres without beam. In-beam tests are planned at Bates. [t mayv
be kept in mind that if beam related tailures of the glass window under high pressure
becomes a concern, the target cell mav be placed in an environment pressurized to {§
atmospheres without substantial difficulty.

The *He target is polarized by optically pumping an alkali metal vapor {rubidium)
which spin exchanges with helium. Circularly polarized light of 795 nm (the Dy line} is
absorbed by s-shell electrons with the opposite spin. promoting them to the p, /4-shell.
Subsequent collisions with helium and nitrogen mix the p-shell polarization and promote
nonradiative decavs to the ground state. with equal probability for each spin stare.
The depletion of one spin state leads to accumulation of rubidium atomic polarization.
Polarization is transferred to helium nuclei through the hyperfine interaction during
collisions.

The design uses two cells. a pumping ¢eil and a target cell. The pumping cell 1s
maintained at elevated temperature. adjusted to control the rubidium vapor pressure.
[t is located 3 cm off-axis and at an angle of 45° with respect 1o the beam. [t must
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Fig. 4. The SLAC E142 alkali spin exchange helium target.rs) The target design we
propose differs only in the cell diameters and the window design.

be fully illuminated to maximize the polarization. The target cell is held at a lower
temperature to assure that the rubidium plates out on the transfer tube and does not
enter the target cell. (Fig. 4) Target polarization is measured by adiabatic fast passage
nuclear magnetic resonance. An integrated measure of beam polarization times neutron
polarization is extracted from one of the scattering asymmetries.

Coincidence quasielastic scattering from neutrons in 100 torr of nitrogen contributes
a 14% dilution over the volume of the cell. Coincidences from scattering off of neutrons
in the glass windows can be eliminated hy electron track reconstruction. Scattering from
nitrogen is measured with an equivalent target of the same geometry (with additional
nicrogen) and subtracted. While remaining uncertainties in this dilution contribute to
uncersainties in the cross section. they do not contribute to uncertainties in the sxtracted
ratio of electric to magnetic form factor. \We continue seeking design possibilities that
recluce the niteogen chickiness.
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The largest source of rubidium depolarization is wall contact. which must be over-
come with laser intensity. We intend to maximize the polarization by reducing the
diameter of the pumping cell. minimizing the surface area and concentrating the |aser
power. A simple analysis indicates that significantly higher rubidium densities cap be
putiped at fixed laser power, leading to substantially faster polarization rates. While
we use the parameters of the SLAC target for our estimates. we interd - dzvelop a
target with pumping cell and target cell diameters of 5 mun. First prototvpe tests are
underway.

3.2 MAGNETIC FIELDS

The quantization axis is provided by a set of Helmholtz coils. The diameter is chosen
as large as possible to provide a maximally uniform field, while maintaining clearance
from the quadrupoles Q1! in the forward position at 90 cm. We choose a radius of
60 em. A slightly larger Helmholtz pair is oriented perpendicular to the first. This
coil set will be used for slow polarization rotation and reversal. and also for providing
the quantization axis during adiabatic fast passage nuclear magnetic resonance (the
polarization will be measured in a different ortentation than the data taking to simplity

the pickup coil design).

The magnetic field from Q1 in the vicinity of the target reaches a maximum on order
of | gauss. We intend to Suppress stray magnetic fields from the quadrupoles Q1 using
a field clamp. We are planning to study the effectiveness of a “doughnut” shaped iron
plate mounted 15 ¢cm from the quadrupole aperture in providing a return path for stray
Hux. If necessary a similar sheet of mu-meta] will be added a short distance in front ot
the plate.

The angle of the momentum transfer direction is different for the five measurements.
ranging from -51.03° at the lowest missing momentum to -27.79° at the highest missing
momentum. The parallel asymmetry is measured with the quantization axis along the
momentum transfer. The perpendicular asymmetry requires target axis ranging from
38.97° 10 62.21°. Since the glassware requires a single photon polarization axis (chosen
at 45%). a small (few percent) loss of polarization will be due 1o this misalignment.
The target can be rotated about the beam axis and the laser redirected to provide the
perpendicular quantization axis. The normal asvmumetries are measured with a separate
target cell.

Magnetic fields associated with the heam current are of little significance to depo-
larization since the repetition rate is far from resonance with the Larmor precession of

the nuclei.

9
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3.3 BEAM POULARIZATION

A high current high polarization photocathode will be used for this experiment.
providing 73% beam polarization. Condensed matter researchers at New Hampshice are
preparing to contribute to the development and fabrication of reltal's il e lsncy
photocathodes. Beam polarization wiil be measured by Moller pclaritizie:. . . pre-
aision of approximately 3%. This uncertainty does not contribute significantly to the
final result.

4. Plan for measurement of ¢uasielastic asvmmetries

We describe our plans to measure quasielastic asymmetries in 3l—-I-;(é'.e’p) to deter-
mine the structure of small components in the 3He wave function. Three asvmmetries
are separately measured. The two in plane asymmetries are measured by selecting dif-
ferent target angles, such that the momentum transfer direction is either parallel or
perpendicular to the quantization axis. Finally the normal target asymmetry .-l?, S
measured separately, providing a calibration of the final state interactions and meson
exchange currents.

4.1  KINEMATICS

Kinematics are selected to cover the range of missing momentum from 0 < pm < 400
MeV/c. Each kinematics is chosen such that the kinetic energy in the final state is
constant, in our case 350 MeV. The fact that it is constant makes the largest source
of uncontrolled ambiguity, final state interactions, apply the same to each kinematics.
Comparisons with theory are further simplified since only one continuum calculation is
required. The vaiue chosen. 350 MeV. is located at 2 minimum in the energy dependent
nucleon-nucleon interaction, minimizing the magnitude of the FSI. The central missing
energy was chosen as 50 MeV to more efficiently use the acceptance of the spectrometers.
Finally the beam energy is chosen to be the maximum for which the momentum transfer
can be reached with the minimum scattering angle of 12.6°. Kinematics are tabuiated
tn Table 1.
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TABLE 1
kinematics for asvmmertry measurements
Es Q* iq w B By » D
A 4.0 0.962 1.152 0.604 £5.30 -3L.03 1 [E2 SRR
B - 4.0 0.6564 0.934 0.5351 12.60 -4986  1.080 0.u95
C 3.2 0.415 0.820  D.507 12.60 ~45.77 10711 n.19l
D 24 .223 0.668 0.473 12.60 -39.00 0943 0.230
E 1.6 0.089 0.539 0.449 12.60 -27.79 0396 0.357

Count rate estimates were petformed with the Monte Carlo reaction code MCLEEP.
The nominal HRS acceptance in the electron arm of 68 = 232 mr and do = =72 mr
was assumed, with momentum acceptance of ép = £5%. For the proton acceptance the
forward quad mode for the HRS spectrometer was used, with 06 = £36 mr and o = £93
mr. and momentam aceceptance of 5p = £4%. The two body breakup reaction process
was modeled using the momentum distnibution measured by Jans®) and Marchand %
for generation of events in the spectrometer acceptances. The spectral function of
Meier-Hajduk **) was used to generate three body breakup events. Two missing energy
regions were defined in the three body breakup channel: the d* corresponding to
5.5 < Em < 12.5 MeV, and the continuum with £,, > 12.5 MeV. Rates for the
Ave kinematics in each of these missing energy regions are reported in Table 2.

TABLE 2
Rates into the full acceptances {(sec™*)
Im range d d* pn
0 — 83 13.7 3.57 D.87
45 — 125 20.2 10.1 2.80
106 — 225 9.60 7.81 4.22
205 ~— 325 1.23 1.23 2.19
3056 — 430 0.24 0.09 0.56

m o O X

L



TABLE 3

. Unecertainties in physical asymmetries: A = (po popgav' V170 andd
AA{dd AT AA{pn) hours
A 0.0G30 0.0048 §.012 34«
B 2.0025 2.0036 0.0070 243
C 0.0036 0.0040 0.0055 2o 3
D 0.010 0.010 (3.G076 I4 <
E 0.013 0.022 0.0030 72w}

Uncersainties in she physical asymimetries ate calculated from the total counts and
the beam and target polarization by

Ad = (pe pru.V V)L

Beam polarization of 75%. and target polarization of 10% were used in the calculations.
For the run times indicated in Table 3. an exsracted precision on the asymmetries of
better than 1% can be obtained for most kinematics. {Better statistics is requesied
for the high count rate kinematics to explore cuts on the data, and systematic effects.)
Anticipated data for two body breakup are plotted in Figure 2, against a calculation by
Laget in similar (antipacallel) kinematics. In Figure 3 the larger of the uncertainties of
the three body breakup regions is plosted next to a calculation of significantly different
kinematics. Nevertheless the sensitivity of these asymmetries 1o the smali components
of the structure and the ability of the measurement to determine the asymmetries is
apparent. We request a total of 21 days of beam time to measure three asyrnmetries o
three final state missing energy regions at five choices of missing momentum kinematics.
Theee days targes change time and background subsraction is added to bring the toral
reqitest to 24 days.

3.2 INSTITUTIONAL COMMITMENT

 The University of New Hampshire group has had for many years an WO to design
and implement the Hall A trigger for the two HRS spectrometers. John Calarco 15
leading that effort. The design work is now complete. and the first batch of electronics
is heing purchased. The UNH group also has a collaborative eflort with the UNH
Atomic Physics group to fabricate a polanzed rarget for an approved expertment at the
Saskatchewan Accelerator Laboratory. We intend to provide a similac raeget for these
MeAsUrenents,
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